We investigate the production, backgrounds and signatures of pairs of charged heavy-fermions using the SU(3) L ⊗U(1) N electroweak model in e + e − colliders (NLC and CLIC). We also analyze the indirect evidence for a boson Z ′ .
I. INTRODUCTION
Although the standard electroweak model is very well successful explaining experimental data up to order 100 GeV, there are experimental results on the muon anomalous magnetic moment [1] and (solar and atmospheric) neutrinos [2] , which suggest no standard interpretation. Some other known experimental facts, such as the proliferation of the fermion generation and their complex pattern of masses and mixing angles, are not predicted in the framework of the standard model. There are no theoretical explanation for the existence of several generations and for the values of the masses. It was established at the CERN e + e − collider LEP that the number of light neutrinos is three [3] .
towards the response of the flavor question [14] . The model has also a great phenomenological interest since the related new physics can be expected in a scale near of the Fermi one [15, 16] .
Let us summarize the most relevant points of the model (for details see Ref. [11] ). The left-handed leptons and quarks transform under the SU(3) L gauge group as the triplets
where P 
We are defining U = u, c, t and D = d, s, b. In order to avoid anomalies, one of the quark families must transforms in a different way with respect to the two others. In Eqs.
(1) all the primed fields are linear combinations of the mass eigenstates. The charge operator is defined by
where the λ's are the usual Gell-Mann matrices. We notice, however, that since Q αL in Eqs. (1a) are in antitriplet representation of SU(3) L , the antitriplet representation of the Gell-Mann matrices must be used also in Eq. (2) in order to get the correct electric charge for the quarks of the second and third generations.
The three Higgs scalar triplets
generate the fermion and gauge boson masses in the model. The neutral scalar fields develop the vacuum expectation values (VEVs)
Neutrinos can get their masses from the η 0 scalar. A detailed scheme for Majorana mass generation for the neutrinos in this model is given in Ref. [17] .
The pattern of symmetry breaking is
and so, we can expect v χ ≫ v η , v ρ . The η and ρ scalar triplets give masses to the ordinary fermions and gauge bosons, while the χ scalar triplet gives masses to the new fermions and new gauge bosons.
Due the transformation properties of the fermion and Higgs fields under SU(3) L [see Eqs.
(1) and (3)] the Yukawa interactions in the model are 
where ϕ = η, ρ, χ. 
where
The relevant neutral vector current interactions are
where θ W is the Weinberg mixing angle, f is any fermion and q a is any quark [11, 14] . The coefficients in Eqs. (8a), (8b), (8f) and (8g) are
with f 2 (t W ) = 3 (1 + 4t 2 W ). As we comment in Sec. I and by inspection of Eqs. (1), (8d) and (8e), we conclude that the heavy-leptons P a belong to another class of exotic particles differently of the heavy-lepton classes usually considered in the literature. Thus, the present experimental limits do not apply directly to them [10] (see also Ref. [11] ). Therefore, the 3-3-1 heavy-leptons phenomenology deserves more detailed studies.
III. LUMINOSITIES
We analyze the case of elastic e − e + scattering. The γγ differential luminosity is given by
where τ = x 1 x 2 and f γ/ℓ (x) is the effective photon approximation for the photon into the lepton, which is defined by
, where x is the longitudinal momentum fractions of the lepton carried off by the photon, s is the center-of-mass energy of the e − e + pair and m e is the electron mass.
The ZZ differential luminosity for elastic e − e + scattering is given by
where f Z/ℓ (x) is the distribution function for finding a boson Z of transverse and longitudinal helicities in a fermion with energy √ s in the limit √ s ≥ 2M Z and which have the following
where the g ℓ V and g ℓ A are the vector and axial-vector coupling.
And for the Zγ differential luminosity for elastic e − e + scattering we have
IV. CROSS SECTION PRODUCTION
A. e − e + → P − P + Pair production of exotic particles is, to a very good approximation, a model independent process, since it proceeds through a well known electroweak interaction. This production mechanism can be studied through the analysis of the reactions e − e + → P − P + , provided that there is enough available energy ( √ s ≥ 2M P ). We will analyze the following processes for pair production of exotic heavy leptons: e − e + → P − P + , e − e + → γγ → P − P + , e − e + → Zγ → P − P + and e − e + → ZZ → P − P + , the first process take place through the exchange of a photon, a boson Z 0 and Z 0 ′ in the s channel, while the others processes take place through the exchange of heavy lepton in the t and u channel.
Using the interactions Lagrangians (8a),(8b) and (8c), it is easy to evaluate the cross section for the process e + e − → P + P − , involving a neutral current, from which we obtain:
where Another way to produce a pair of heavy exotic leptons is through the elastic reactions of the type e − e + → γγ → P − P + , e − e + → Zγ → P − P + and e − e + → ZZ → P − P
+
The three processes take place through the exchange of the exotic lepton in the t and u channels. So the cross section for the production of a pair of P − P + in the e − e + collisions, we obtained by convoluting the cross section for the subprocess γγ → P − P + , Zγ → P − P + and ZZ → P − P + , with the two photon, Zγ and ZZ luminosities in this collisions, that is
where V = γ, Z. The subprocess cross section for two photon P − P + production via elastic collisions of electron-positron is
where M P is the mass of the exotic lepton,t = M
refer to the exchanged momenta squared, corresponding to the direct and crossed diagrams for the two photon, with β being the P velocity in the subprocess c.m. and θ its angle with respect to the incident electron in this frame.
The contribution of the subprocess cross section for Zγ and ZZ luminosities to the total cross section is so small that we not include here the explicit calculation. Even so, we present the results in Fig. 3 for the CLIC.
The production of exotic quarks was already studied by both of the autors [13, 19] , so that in this subsection we will study it through the analysis of the reaction e − e + → QQ, provided that there is enough available energy ( √ s ≥ 2M Q ). Such process takes place through the exchange of a photon, Z and a Z ′ in the s channel.
Using the interaction Lagrangians, given by Sec. II, we can evaluate the cross section involving a neutral current and obtain
where In other to analyze the indirect evidence for a boson Z ′ , we calculate the production of the quarks as in the standard model as in the 3 − 3 − 1 model, as a result we found that at high energies in the 3 − 3 − 1 model there will be many more dijets than expected in the scope of the standard model. In Fig. 4 , we exhibit the cross section σ(e − e + → qq(QQ)) as a function of center of mass energy for diferent values of the boson mass M Z ′ .
In this section we will study the massive neutrinos, due that there are indications for the existence of it mass. This ones are the deficit of solar electron neutrinos which flux is below that predicted by the standard solar model [20] , neutrino oscillations, where the electron neutrinos partially convert to muon neutrinos within the interior of the sun [21] and the need for explications the hot dark matter [22] .
The production of massive neutrinos we study through the analysis of the reaction e − e + → N 1 N 2 , this process takes place through the exchange of the bosons Z, Z ′ in the s channel. Using the interactions Lagrangians of the Eq. .., we evaluate the cross section
where 
V. RESULTS AND CONCLUSIONS
In the following Figures we present the cross section for the process e + e − → P + P − , (QQ), (N 1 N 2 ) for the NLC and CLIC. In all calculations we take sin 2 θ W = 0.2315, M Z = 91.188 GeV, and the mass of the heavy exotic lepton equal to 200 GeV
In Fig. 1 , we exhibit the cross section σ(e − e + → P − P + ) as a function of M P . Taking into account that the expected integrated luminosity for the NLC, will be of order of 6 × In Fig. 2 , taking into account that the integrated luminosity for the CLIC will be of order of 2 × 10 5 pb −1 /yr, then the statistics that we can expect for this collider is a little larger. So for the process e − e + → P − P + , considering the mass of the boson Z ′ equal to 1200
GeV, we will have a total of ≃ 2 × 10 5 lepton pairs produced per year, while for M Z ′ = 2000
GeV will be ≃ 3 × 10 4 , respectively. For both figures was taken M J 1 = 300 GeV, M J 2 = 400
GeV, M J 3 = 600 GeV and M V = 800 GeV.
In Fig. 3 , we show the pair production of exotic heavy leptons through the elastic reactions, so the statistics that we can expect for the CLIC collider, for photon-photon P − P + production, will be of order of ≃ 2 × 10 4 lepton pairs produced per year, while for the Zγ will be of ≃ 200 events per year and for the ZZ will be very small. It is to note here that it was taken only the transverse helicity of the boson Z, since the longitudinal ones gives a small contribution.
In Fig. 4 , we compare the standard cross section σ(e − e + → qq) with the productions cross section σ(e − e + →+ QQ), when the 3 − 3 − 1 model is applied. We see from these results that using the 3−3−1 model we will have more dijets than using the standard model at high energies. This figure was obtained imposing the cut | cos θ| < 0.95 and assuming three bosons Z ′ with masses equal to 800, 1200 and 2000 GeV respectively. This figure still exhibit the resonance peaks associated with the boson Z ′ . Here was taken for this figure The discrepancy between these cross sections in both colliders, has the same reason as above.
Here for both figures was taken M J 1 = 300 GeV, M J 2 = 400 GeV, M J 3 = 600 GeV and There is no standard backgrounds for the signal, e − e + → QQ → qℓ − ℓ − (qℓ + ℓ + ), due that in the standard model there is not leptonic number violation [19] , and the backgrounds for heavy neutrinos may be seen in [23] .
In summary, we showed in this work that in the context of the 3-3-1 model the signatures for heavy-fermions can be significant as in NLC as in the CLIC collider. Our study indicates the possibility of obtaining a clear signal of these new particles with a satisfactory number of events. 
